Hall Meadow Brook
Connecticut

HALL MEADOW BROOK DAM
DAM-BREAK FLOOD
ANALYSIS

September 1986

US Army Corps
of Engineers

New England Division



HALL MEADOW BROOK DAM
HOUSATONIC RIVER BASIN

CONNECTICUT

DAM-BREAK FLOOD ANALYSIS
FOR
DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS

WALTHAM, MASSACHUSETTS

SEPTEMBER 1986

BY

VOLLMER ASSOCIATES
6 ST. JAMES AVENUE
BOSTON, MASSACHUSETTS 02116



HALL MEAROW. BROOK DAM
DAM-BREAK ANALYSIS
TABLE OF CONTENTE

PARAGRAPH  SUBJECT RAGE
1 INTRODUCTION 1
2 PROCEDURE 1
3 DESCRIPTION OF STUDY AREA 2

a. General
b. Hall Meadow Brook Pam
c. Downstream Valley

4 ASSUMED DAM~BREAK CONDITIONS 5

a. General
b. 8Selected Base Flood

5 RESULTS 7
6 SENSITIVITY TESTS 8
a. Breach width
b. Antecedent Flow Conditlons
c. Duration of Dam-Break
d. Initial Pool Level

e, Channel Roughness
f. Downstream Dam Fallure

7 DISCUSSION 9

LIST_OF TABLES.
TABLE TITLE
1 Pertinent Data for Hall Meadow Brook Flood

Control Dam and Reservolr
2 Antecedent Floodflow Conditions



PLATE TITLE
1l Housatonic River Basin - Index and Basin Map
2 Hall Meadow Brook Dam Photo
3 Hall Meadow Brook Dam - General Plan
4 Hall Meadow Brook Dam - Sections
5 Plan and Profile No. 1, Mile 0.00 to 10.00
(3 Plan and Profile No. 2, Mile 10.00 to 15.95
7 Base Flood Dlscharge, Stages and Timing
8 Sensitivity of Input Parameter, No. 1,
Breach width
9 Sensitivity of Input Parameter, No. 2,
Antecedent Flow
10 Sensitivity of Input pParameter, No. 3,
Duration of Dam-Break
11 Sensitivity of Input Parameter, No. 4,
Initlal Pool Level
12 Sensitivity of Input Parameter, No. 5,
Mannlng's "n"
13 Sensitivity of Input Parameter, No. 6,
Downstream Dam Failure
14 Computer Input Listing



HALL MEADROW BROOK DAM
DAM-BREAK FLOOD ANALYSIS
INTRODUCTION

This report presents the flndings of a dam-break £lood
analysis performed £for Hall Meadow Brocok Dam and
Reservolir, an existing Corps of Engineers Flood Control
Project, which 18 1located wupstream of Torrington,
Connecticut. The dam is situated on Hall Meadow Brook
approximately 0.4 mile upstream from the confluence with
Hart Brook whlch forms the wWeat Branch Naugatuck Rlver.
Included in thls report is a description of the
pertinent features of the dam, the procedure used for
the analysis, the assumed dam-break conditions and
resulting effects on downstream flooded areas, and the
effects of varying conditions (sensitivity tests) on the
resulting downstream flood. This atudy was not
performed because of any known llkellhood of a dam-break
at Hall Meadow Brook Dam. Its purpose 1is to provide
quantitative information for emergqency planning use 1in
accordance with Corps of Englneers Regulations (ER
1130-2-419).

PROCEDURE

The Hall Meadow Brook dam-break analysls was made using
the "*National Weather Service Dam-Break Flood
Forecasting Computer Model", develcped by D.L. Fread,
Research Hydrologlst, Office of Hydrclogy, Natlonal
Weather Service, NOAA, Silver Spring, Maryland 20910.
Input for the model conslisted of: (a) storage
characteristics of the reservolr, (b) selected geometry
and duratlon of the breach development, (c) reservoir
and downstream tributary 1inflows, and (d) hydraulic
roughness coefficlents. Based on the Input data, the
model computes the dam-break outflow hydrograph and
routes it downstream. Dynamic unsteady flow routing 1=
performed by a "honing" lterative process gqoverned by
the requlrements of both the princlples of conservatlion
of mass and momentum. The analysis provides output on
the attenuvation of the flood hydrograph, resulting flood
stages, and timlng of the f£lood wave as It progresses
downstream.

The approach wused In this hypothetical dam—-break
analysis was first to apply the model using a selected
set of conditlons thought to be reasonably possible in a
fallure situation. The flood resulting from this
analysis is termed the Base Flcod Condition. For the
Hall Meadow Brook Dam dam-break analysis the river
valley was modeled in three reaches. The f£irst reach is
from Hall Meadow Brook Dam downstream to Stillwater Pond
at mile 1.11 on the West Branch Naugatuck River. The



second reach extends along the West Branch Naugatuck and
Naugatuck Rivers to Just upstream of Thomaston Reservolr
at mile 10.79. The third reach consists of a flood

routing analysis throuqgh Thomaston Reservolr. The
outflow hvdrograph of the first reach was used as the
inflow hvdrograph to the second reach. The same

technlque was appllied for the third reach. Because any
one of the major variables used In the model (initlal
poocl elevatlion, antecedent rlverflow, time of breach
development, breach width, Manning's "n"), could ln fact
have different values occurring in different
comblnations from those used 1in the Base Flood
determination, sensitlivity analyses were employed to
determine the effects that c¢hanged values of these
parameters have upon the resulting flood wave.

The model was callibrated by comparing computed
stage-discharge relatlonships with those high watermarks
known to exist during the August 1955 flood at wvarious
locations along the river reach belng modeled (i.e., at
dams, bridges, stream flow gages, etc.}.

DESCRIPTION OF STUDY AREA

a. QGeneral: The study area extends from Hall Meadow
Brook Dam, downstream along the West Branch
Naugatuck River through the community of Torrington
to its confluence with the Naugatuck River and
continues downstream to Thomaston Reservoir and Dam.
Along the West Branch Naugatuck Rlver, the study
extends through the communlities of prakeville,
wWrightville and weat Torrington. The total 1length
of the study area is approximately 16 miles. Along
the atudy reach, the dralnage area Increases from
17.2 square miles at Hall Meadow Brook Dam to 97.2
sguare miles at Thomaston Dam. The purpose of Hall
Meadow Brook Dam is to provide flood protection for
the downstream valley and the community of
Torringten. A map of the Housatonic River Basin is
shown on Plate 1 1including the 1location of Hall
Meadow Brook Dam upstream from the community of
Torrington.

b. Hall Meadow Brook Dam and Reservoir; Hall Meadow
Brook Dam and Reservolir, completed 1in 1962, |is
located in northwestern Connecticut in the City of
Torrington on Hall Meadow Brook approximately 0.4
mile upstream from its confluence with Hart Brook.
The reservoir has a flocod centrol storage capacity
of 8620 acre-feet, equlvalent to 9.4 1inches of
runoff from the 17.2 square mile drainage area.
Major components consist of a rolled earth £111 dam
wlth rock slope protectlon, outlet works, a chute
spillway, and a dlverslion channel from Rueben Hart
Reservoir (see Plate 2). The dam conaslats of a



rolled earth £111 embankment section 1200 feet 1in
length with rock slope protecticn and with a maximum
height of 73 feet above streambed. The top of the
dam is at elevation 917 feet NGVD, which provides
for 14.1 feet of splllway surcharge and 4.9 feet of
freeboard. The dam has a top width of 20 feet. The
upstream slope ils 1 vertical on 2.5 horizontal and
downstream 1 vertical on 2 horlzontal (see Plate 3).
There is also a dlke consisting of rolled earth £ill
embankment with rock slope protection approximately
135 feet long with a maximum helght of 47 feet.

Slopes are 1 on 2.5 upstream and downstream. The
splllway 1s an uncontrolled ogee welr type, located
adjacent to the right abutment of the dlke. The

welr is 100 feet long with a crest elevation of 898
feet NGVD. The outlet works are located on the
right bank of the dam and consist of an Iinlet
channel, 1lnlet structure, a conduit and an outlet
channel. The inlet structure contalns a small
concrete welr with stoplog openings and 3 x 4 foot
manually operated slulce gate. The 48 1nch RCP
conduit is approximately 315 feet in length. Other
pertinent data 1s listed in Table 1.

Downstream Valley: Hall Meadow Brook drops

approximately 50 feet on its 0.4 mile course to Hart
Brook, there forming the West Branch Naugatuck
River. The West Branch Naugatuck River averages
approximately 30 to 40 feet in width and drops 255
feet in 5.9 miles to the confluence of the East

Branch. The confluence of the East and West
Branches 1s within the center of the Clty of
Torrington, forming the Naugatuck River. The West

Branch local protection project 1In the City of
Torrington consists of a concrete f£loodwall on the
right bank between the Prospect Street and Mailn
Street brlidges, minor channel excavation, and
deepening and widening the channel downstream of the
Main Street bridqge. The channel adjacent to
Fuessenich Park was deepened and widened, with
floodwalls added to retain a design streamflow of
12,600 cfs. There is also a 1lccal protection
project on the East Branch. The Naugatuck Rliver
averages approximately 100 to 150 in width between
the City of Torrington and Thomaston Dam. There are
17 crossings over Hall Meadow Brook, West Branch and
Naugatuck River within the study reach including one
federal highway, slx state highways and nine local
roads. There are five dams in the study reach
downstream from Hall Meadow Brook Dam. The two
slgnificant dams are Stillwater Pond Dam,
approximately 2.7 miles downstream, and Thomaston
Dam and Reservoir. Stillwater Pond Dam {s a high
hazard dam as classified under the ©National Dam
Inspection Program - U.S. Army Corps of Engineers.



The dam 1s 35 £t. high and 440 £ft. long. It 1is an
earth embankment with concrete corewall and concrete
splllway. Thomaston Dam, located approximately 15.5
miles downstream of Hall Meadow Brook Dam, 1s a U.Ss.
Army Corps of Engineers flood control dam. It is a
rolled earth and rockfill dam 2000 feet in length,
with a maximum helght above streambed of 142 feet.
The dam provides for a total storage capaclity of
42,000 acre-feet, equivalent to 8.1 inches of runoff
from the drainage area of 97.2 square miles.

TABLE 1

PERTINENT DATA
HALL MEADOW BROOK DAM AND RESERVQIR

LOCATION Hall Meadow Brook, Torrington, CT
DRAINAGE AREA 17.2 sguare miles
RESERVOIR
Total
Conser- Flood at
vation Control Splllway
BPool Pool Crest
Full Pool Elevation (£t, NGVD) 860.0 898.0 898.0
Capacity (acre-feet) 318 8,620 8,620
{inches) 0.35 9.4 9.4
Full Pool Area (acres) 58 372 372
EMBANKMENT FEATURES
Main Dam Dike
Type Rolled earth Rolled earth
£11l1 with £111 with
rock slope rock slope
protection protection
Length (feet) 1,200 1350
Top Elevation (feet NGVD) 917.0 917.0
Maximum Helght (feet) 73 47
Top Width (feet) 20 12
Slopes upstream 1 on 2.5 1 on 2.5

downstream 1 on 2.0



SPILLWAY FEATURES

Type Chute spillway, ogee welr
Crest Length (ft) 100
Crest Elevatlion (ft, NGVD) 898.0

SPILLWAY DESIGN FLOOD

Peak Inflow (cfs) 26,600

Peak Outflow (cfs) 19,200

Maxlmum Surcharge (ft. above 14.1
creat)

QUTLET WORKS

4.

Tvpe Circular condult
Size of Conduit 4' dlameter
Lenqgth of Conduit (ft) 315
Condult Inlet Invert 642.0
Elevatlon (ft, NGVD)
Number of Gates None
Capaclty Dlscharge of Outlet, 455
Reservolr at Spillway Crest
(cfs)
Downstream Channel Capacity 500
(cfs)

ASSUMED DAM-BREAK CONDITIONS

a.

General: The magnitude of a flood resulting from the
hypothetical failure of Hall Meadow Brook Dam is a
function of many different parameters including slze
of breach, inltial pool level and storage, rate of
breach formation, channel and overbank roughness,
and antecedent £flow condlitlons. Englineering
assumptions of conditions which could be reasonably
expected to exist prior to a fallure of Hall Meadow
Brook Dam were used in the base flood analysis as
presented below:

(1) Initial Pool Level - Hall Meadow Brook Dam:
Water surface at splllway crest elevation 898 feet
NGVD indicating 100% use of avajilable floecd control
storage.

(2) Reserveolir Inflow - Recession limb of August 1955
flood hydrograph (flood of record) riverflow, 800
cfs, followlng peak discharge during f£lood of 8,350
cfs (See Paragraph 4.a.(7)}.

(3) Breach Invert - 840 feet NGVD.



(4) Breach Bage Width - 175 feet, trapezoldal =sige
slopes 1V: 1 H atarting as piplng fallure,.

{5) Time to _Complete Formatlon of Breach- 1 hour.

(6) Downstream Channel Roughheas - Manning's "n" =
.045 to .16.

(7) Pre-Breach Flow - Hall Meadow Brook: A constant
discharqge of 800 cfs from Hall Meadow Brook Dam was
utilized in this study. This discharge was needed
for computational stabillty in the initial steady
flow backwater computation in the computer model.
Although the maxlmum ocutlet works capacity with pool
at spillway crest 1s 455 cfs, the initial 800 cfs
discharge used 1in the computer analysis has no
effect on the resulting dam break analyslis flood
levels.

Gelected Base Flood: Antecedent f£low conditions on
Hall Meadow Brook, West Branch Naugatuck and the
Naugatuck Rlver were selected to egqual the recurring
August 1955 record flood flows as modified by the
Corps of Englneers East Branch and Hall Meadow Brook
flood control reservolrs. Sovecifically, model input
data for inflow intoe Hall Meadow Brook Reservolr
conslisted of the recesslonal side of the Augqust 1955
flood hydrograph. The hvdroaraph was obtained from
the U.S., Army Corps of Englneers, Master Manual of
water Control Requlatlon, June 1964, Revised October
1976. Thils was then routed through the reservolr
assumlng the pool was already filled to spilliway
crest level during the rising side of the same
hydrograph. The inflow rate Jjust prior to the
beginning of fallure was equal to 800 cfs and
outflow from Hall Meadow Brook Dam was assumed to be
a constant 800 cfs (See Paragraph 4.a.(7)). Peak
inflows to the study reach below Hall Meadow Brook
Dam include 1650 cfs at Jakes Brook, 2000 cfs at
Drakes Pond Brook, 4130 cfs at Nickel Mine Brook,
3100 cfs at the East Branch Naugatuck and 30820 cfs
at Leadmlne Brook. Thomaston Reservoir was also
assumed to be filled to spillway crest prior to the
dam breach of Hall Meadow Brook Dam. The adopted
initlal antecedent £flows and the comparative
experlienced 1955 dlscharges, as applicable, are
shown 1ln Table 2.



TABLE 2
ANTECEDENT FLOOD FLOW CONDITIONS

ADOPTED EXPERIENCED
ANTECEDENT  AUGUST 1955

*

Hall Meadow Brook 800 8350
At Rte 4-West Torrinaton-Naugatuck R. 8580 17,000
At confluence East Branch Naugatuck 11,680 25,400
At Confluence Leadmine Brook 42,500

* Flow adopted for computer model. Actual maximum release
from reservoir equal to 455 cfs.

RESULTS

The resultling peak stage flood profile and the areal
extent of lnundation for the base flood conditions 1is
shown on Plates 5 and 6. Timing of the peak stage and
leading edge of the flood wave are also indlcated on the
plan and profile. Peak discharge throughout the study
reach assoclated with the development of the peak stage
profile along with discharge and stage hydrographs for
four statlions downstream from Hall Meadow Brook Dam are
shown on Plate 7. The stations are located .02, 2.77,
6.02 and 15.57 miles downstream from the dam.

The peak dam-break discharge from Hall Meadow Brook Dam
is approximately 125,650 c¢fs2 producing a rise of
approximately 34.0 feet above the normal river depth at
a point .02 miles downstream from the dam. At a
distance of 2.77 miles downstream from Hall Meadow Brook
pam along the west Branch Naugatuck, the peak flow would
attenuate to 81,720 cfs and the depth of flow on the
West Branch Naugatuck would increase to approximately
41.0 feet above normal river stage.

In the vicinity of the confluence of the East and West
Branches of the Naugatuck River approximately mlile 6.02,
the peak flow attenuates to 74,220 cfs. The assoclated
rise in stage on the Naugatuck River 1is approximately
33.1 feet above normal stage. The community of
Torrington would most likely experience severe damage
due to flooding. At a distance of 15.57 miles
downstream of the dam, just below Thomaston Reservolr,
the peak flow 1Is attenuated to 45,420 cfs with an
associated rise above normal stage of 25.0 feet. The
surcharge capacity of Thomaston Reservolr attentuates
the peak dam failure flow by approximately 20% even
though the pool was assumed to be at splillway crest,



elevation 494 feet NGVD, at the start of the dam breach
at Hall Meadow Brook Dam.

The flood control storage capaclty of Thomaston
Reservolr 1s almost five times greater than Hall Meadow
Brook Dam. Therefore, an emptying of Hall Meadow Brook
Reservolr into Thomaston does not overtax its regulating
capaclty or 1its surcharge capaclity. The study was
terminated just beyond Thomaston Reservolr along the
Naugatuck Rlver.

SENSITIVITY TESTS

In addition to analysis under the assumed dam-break
conditions, subsequent studies were made to determine
the senslitivity of certain selected parameters on the
resulting downstream flood. The following are the
varlables considered.

a. Breagh Width: The breach width was set at 175 feet

for the base flood analysis. For sensitivity
teasting, two additional cases were analyzed with
breach widths of 90 and 275 feet. As shown by

comparative profile on Plate 8, the 75 foot breach
width resulted in a flood stage 1.3 feet lower than
the base flood at the dam, this difference reduced
to less than 1 foot approximately 1 mile downstream
of the dam. The 275 foot breach width had a flood
stage 0.9 feet higher than the base flood at the
dam. This difference reduced to less than 0.5 foot
approximately 1 mile downstream of the dam.

b. Antecedent Flow: A sensitivity analysis was made
assuming a low to moderate antecedent river flow
equivalent tc one-half the discharqge of the
recurring 1955 flood. The resulting comparative
flood stage is shown on Plate 9. All discharges
were reduced to one-half except for Jakes Brook
which was held at 1000 cfs for computational
stability. Within the first mile downstream from
Hall Meadow Brook bam, the antecedent flow has no
effect on the dam breach peak stage. The low
antecedent flow dam-break stage 1s 1 to 2 feet lower
than the base flood on the West Branch and Naugatuck
River.

c. Duration of Dam-Break:; Though the selected duration
for the fallure time was one hour, runs were also
made for fallure times of both 3 and 5 hours.
Changes in fallure time resulted in major stage
reduction of seven to thirteen feet 1in the upper
portions of the study reach and diminished to one to
four feet Iin the 1lower reaches. The relative
effects of the three fallure times on downstream
flood profiles are illustrated on Plate 10.



d. Initlal Pool Level: While a full reservolr condition
{(splllway creat 898 feet NGVD, 8,620 acre-feet) was
assumed for the base flood, a teat of the
sensitivity of the dam-break flood tec 1nltlal pool
level was made assuming a one-half full pool
condition (elevation 883.5 feet N.G.V.D., 4310
acre-feet). The resulting flood levels were
significantly less, 8-9 feet less immedlately
downstream from Hall Meadow Brook Dam, and averagqing
4 to 8 feet for the whole study reach to Thomaston
Reservoir. Comparative water surface profliles are
shown on Plate 11.

e. Channel Roughness: Manning's "n" sensitivity tests
were made to determine thelr effects on downstream
flood attenuation, resulting stages and timing.
Tests were made with the Manning's "n" 15 percent
less and 15 percent greater than the base £flood.
Increasing the channel roughness resulted in slower
progression downstream with a slightly higher stage.
Plate 12 compares water surface proflles.

f. Downstream Dam Fallure: There 1is one major dam,
Stillwater Pond Dam ch the West Branch Naugatuck
River downstream from Hall Meadow Brook Dam. In the
event of a major dam-break at Hall Meadow Brook Dam,
under £ull pool condlitions, thils dam may be
seriously damaged or fall. The base flood assumed
the dam remained intact and operated properly. For
purposes of this test, sStiliwater Pond Dam was
assumed to fail at peak stage. The subsequent
increase 1n stage s less than 1 foot for the
failure. Plate 13 shows the comparative water
surface proflles,

DISCUSSION

The dam-break analysis for Hall Meadow Brook Dam was
based on the engineering applicatlon of certain laws of
physics, considering the physical characteristics of the
project and downstream channel, and conditions of
failure. Due to the highly unpredictable nature of a
dam-break and the ensuing sequence of events, the
results of this study should not be viewed as exact but
only as an approximate quantification of the dam-break
flood potential. For purposes of analysis, downstream
conditions are assumed to remaln constant and nao
allowance is made for possible enlargement or relocation
of the river channel due to scour or temporary damming
effects, all of which could affect, to some extent, the
resulting magnitude and timing of floodlng downstream.
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